Abstract: Attention orienting has been found to be influenced by the previous cueing status in a spatial cueing paradigm. The purpose of this study was to determine whether the cue predictive values or the spatial correspondence learning between cues and targets could influence the sequence effect of symbolic cueing. The findings revealed that the predictive values of arrow or word cues do not lead to different sequence effects, but that visually asymmetrical letter cues, which allow spatial correspondence learning between cues and targets, induce stronger sequence effects than visually symmetrical letter cues. In addition, visually symmetrical directional word cues can induce sequence effects. The results suggest that spatial correspondence learning, although not obligatory, is critical for the sequence effects of symbolic cueing. The findings support the feature-integration hypothesis, rather than the strategic adjustments account.
Humans rely on attention mechanisms to redirect our focus to relevant events or to potential danger. These mechanisms enable us to quickly detect and respond to particular stimuli. Two of the many attentional tasks that have been used to investigate the potential mechanisms of visual attention in humans are the "visual search task," which asks participants to detect a target from several distractors (Frischen, Eastwood, & Smilek, 2008) and the "spatial cueing task," which asks participants to detect a peripheral target by following a central or peripheral cue with directional meanings (Chica, Martin-Arevalo, Botta, & Lupianez, 2014; Qian, Song, & Shinomori, 2013) . Attention studies usually contain many trials (even in a single block), and a significant amount of research has shown an implicit trial-by-trial influence on participants' performance. For example, some visual search studies have found that in searching for a target that differs from distractors in terms of some features (e.g., color, orientation, location, shape, or even emotional expression when the target is a face), participants' reaction times (RTs) in a current trial are facilitated when the target feature is the same as that used in the preceding trial (Lamy, Amunts, & Bar-Haim, 2008; Maljkovic & Nakayama, 2000) . This sequence effect in a visual search (usually called the "priming effect") is generally believed to be afforded by implicit visual memory mechanisms that are not under voluntary control (Chun & Nakayama, 2000; Kristjánsson, 2006; Peremen, Hilo, & Lamy, 2013) . Similarly, although traditional results in spatial cueing tasks (e.g., RTs in cued trials are faster than those in uncued trials) are limited to one trial, recent studies have found that the performance of participants in one trial is influenced by whether the cue correctly (in a cued trial) or incorrectly (in an uncued trial) directed attention to the target location in the previous trial (peripheral cues, Dodd & Pratt, 2007 ; central arrow cues, Jongen & Smulders, 2007) . Specifically, participants responded more quickly to targets in cued (or uncued) trials when they were preceded by a trial with the same trial type, leading to a stronger cueing effect (i.e., RT differences between uncued and cued trials) after the preceding cued trial than after the preceding uncued trial. Similar sequence effects can also be observed in other attentional discrimination tasks (Kristjánsson, 2009; Kristjánsson, Mackeben, & Nakayama, 2001; Kristjánsson & Nakayama, 2003; Risko, Blais, Stolz, & Besner, 2008; Ullsperger, Bylsma, & Botvinick, 2005) . For example, Kristjánsson and Nakayama (2003) found that the spatial relationship between a large peripheral cue and a target can be rapidly learned to influence the task performance and this transient attentional effect does not rely on the explicit knowledge of the cue-target relationship. In all, these findings suggest that sequential processing is a common phenomenon in visual attention systems. Such ability may help us to easily focus or select the relevant information that is important for behavior. Although sequential effects in cueing studies share characteristics with other attentional phenomena, the reasons for this are still under debate.
Inhibition of return (IOR), which is the RT increment in cued trials rather than in uncued trials, usually occurs with a relatively long cuetarget stimulus onset asynchrony (SOA) induced by peripheral cues. Dodd and Pratt (2007) investigated whether or not the previous trial status could influence IOR and found that its magnitude was greater following an uncued trial relative to a cued trial. This sequence effect was explained as automatic memory retrieval rather than participants' voluntary utilization of previous trial types, since the peripheral cue is uninformative, and the participants do not have an intention to utilize the cues (either current or previous) to guide their detection task. Consistent with the study by Dodd and Pratt (2007) , Mordkoff, Halterman, and Chen (2008) found that sequence effects induced by nonpredictive peripheral cues are also significant with a short 50-ms SOA and a large number of possible stimulus locations. The automatic memory retrieval explanation is in line with the featureintegration hypothesis that was proposed by Hommel, Proctor, and Vu (2004) to explain the sequence effects in the Simon task. According to the feature-integration hypothesis, if a stimulus and the response to it occur simultaneously, those features (at least the features related to the current task) are spontaneously integrated into a common transient representational structure, or so-called "event file." Consequently, when the features in the next trial are completely repeated or alternated, performance will be facilitated or not influenced at all; however, when only a portion of the features are repeated, a conflict with the previous memory representation occurs, thereby slowing down the performance. As for the feature-integration in cueing paradigms, the integrated relationship is the cue direction and the target location (e.g., a left cue with a left target in a cued trial); this spatial relationship is completely repeated (e.g., an additional left cue with a left target) or alternated (e.g., a right cue with a right target) when the trial types are repeated between trials, but it is only partially repeated when the trial types are alternated (e.g., a left cue with a right target or a right cue with a left target in an uncued trial). As a result, the RTs of cued trials are facilitated and the RTs of uncued trials are prolonged after a preceding cued trial, leading to an enhanced cueing effect; conversely, the RTs of uncued trials are facilitated, and the RTs of cued trials are prolonged after a preceding uncued trial, leading to a reduced cueing effect.
Another explanation for the sequence effects in the cueing task derives from central symbolic cueing studies in which informative arrow cues were used (Gomez, Flores, Digiacomo, & Vazquez-Marrufo, 2009; Jongen & Smulders, 2007) . In these studies, arrow cues predicted target locations in most of the trials (e.g., 80% of the trials were cued), and participants were encouraged to utilize the cues to facilitate their performance. Consequently, sequence effects between consecutive trials were explained by strategic adjustments. According to this account, participants continuously adapt their utilization of the cue depending on whether the cues had correctly or incorrectly directed their attention in the previous trial, leading to a cueing effect that is stronger after a cued trial than that after an uncued trial. However, studies by Qian, Shinomori, and Song (2012a) , Qian, Song, Shinomori, and Wang (2012b) and Qian, Wang, Feng, and Song (2015) found that sequence effects are significant even for nonpredictive arrow cues. These findings suggest that the sequence effect may not rely on the voluntary control of the participants and may defy the strategic adjustments account to some extent.
In the present central symbolic cueing study, the influences of cue predictive values and spatial correspondence learning between cues and targets on sequence effects were systematically investigated in three experiments. Experiment 1 focused mainly on the modulation of cue predictive values. Although previous studies have found significant sequence effects with both predictive (Jongen & Smulders, 2007) and nonpredictive (Qian et al., 2012a) arrow cues, to the best of our knowledge, no one has directly compared the magnitude of sequence effects of these two cue conditions. In comparison with nonpredictive arrow cues, participants would explicitly utilize the predictive arrow cues to facilitate their performance in target detection. Therefore, if participants implement a strategy to update the usability assigned to the cue, the participants' intention to apply the strategy should be stronger for predictive cues than for nonpredictive cues, leading to an enhanced sequence effect under predictive cue conditions. On the other hand, if sequence effects stem from some kind of implicit memory processing, no difference in the sequence effect would be expected for cues with different predictive values.
The modulation of spatial correspondence learning between cues and targets on sequence effects was investigated in Experiment 2. The term "spatial correspondence" here refers to the condition that the target location corresponds with the asymmetrical visual form of the cues. The strategic account and the feature-integration hypothesis described above predict the different influences of the visual forms of central cues on the sequence effects. As stated in the strategic account, the central cues play a purely symbolic role in indicating the possible location of the target: The visual form of the cue is not expected to impact the sequence effect. However, from the perspective of feature-integration hypothesis, the visual forms of the cues have the potential to determine the ease of the feature-integration between cues and targets. For instance, in a symbolic cueing study, when either letters "d" or "X" are used as central cues to predict a left target, the letter d with a visually asymmetrical form can be easily associated with the left target; however, this quick association is not possible for the letter X with a symmetrical visual form. In other words, it is very possible that feature-integration between cue directions and target locations can be facilitated by the participants' learning to simply associate the visual form of the cue with the target, leading to sequence effects that are stronger for asymmetrical cues than for symmetrical cues. The feature-integration hypothesis predicts sequence effects that are stronger in a spatial correspondence condition than in a spatial translation condition (i.e., a condition in which participants are required to explicitly translate the spatial information carried by the cue); however, the strategic adjustment account does not predict that there will be significant differences between these two conditions.
Finally, even if a significant influence on spatial correspondence is found, it does not mean that the cues that do not lead to a spatial correspondence with the targets cannot induce sequence effects. Indeed, human performance can be facilitated by long-term practice in daily life. For instance, we can easily decode the spatial information from the directional words that are written in our native language. Therefore, although the spatial information of directional words needs to be translated semantically before cueing attention, such cues may still induce sequence effects. This possibility is investigated in Experiment 3.
Experiment 1
Experiment 1 aimed to replicate the previous findings on the sequence effect with central arrow cues and to further investigate the influence of cue predictive values.
Participants
A total of 48 students (19 males and 29 females), aged 22-33 years, agreed to participate in this experiment. Twenty-four students (10 males and 14 females) joined the nonpredictive arrow condition, and the remaining students joined the predictive arrow condition. All participants reported having normal or corrected-to-normal vision and were naive to the purpose of the experiment.
Apparatus
The stimuli were presented on an LCD display operating at a 60-Hz frame rate. The participants were seated approximately 57 cm away from the screen in a dimly lit room. A chinrest was used to prevent any unnecessary head movements.
Stimuli
A cross subtending 1.3 was placed at the center of the screen as a fixation point. The central cue was an arrow. The central horizontal line of the arrow was 2.5 in length. An arrowhead and an arrow tail, each pointing to one of the two possible target locations, were displayed at the ends of the central line. The length of an arrow, from the tip of the arrowhead to the end of the tail, was 3.2
. The target stimulus, an asterisk measuring 1 wide and 1 high, was presented 14 away from the fixation point on the left or right side of the screen. The stimuli, which were all black, were presented on a light gray background.
Design
Two cue-target SOAs (i.e., 300 and 600 ms) were used to reduce anticipatory responses. Cue direction and SOA duration in each trial were selected randomly and balanced in terms of the probability for each block. The probabilities of target locations were varied according to the experimental conditions. Targets appeared at the same locations as the cue directions in half the trials for the nonpredictive arrow condition but in 75% of the trials for the predictive arrow condition. Because the number of each trial sequence was not identical for the predictive arrow condition, more trials were tested in this condition to make sure that there were enough repetitions for each sequence. As a result, there were four blocks in the nonpredictive arrow condition and six blocks in the predictive arrow condition. Each block comprised 90 trials, including 10 catch trials in which the target did not appear. The participants were instructed not to respond if the target did not appear. Including 20 training trials, there were a total of 380 trials in the nonpredictive arrow condition and 560 trials in the predictive arrow condition for each participant. Participants were explicitly informed as to the predictive values of the cues. The RTs of the first trial on each block and the trials following a catch trial were excluded from analysis.
Sequence effects were tested via a four-way analysis of variance (ANOVA), with the between-participant factor of predictive values (nonpredictive and predictive) and the withinparticipant factors of previous cue validity (precued and pre-uncued), current cue validity (cued and uncued), and SOA (300 and 600 ms) on RTs. A significant interaction between previous cue validity and current cue validity would represent a significant sequence effect between trials. In addition, if explicit strategies of the participants are vital for achieving the sequence effects, stronger sequence effects should be observed in the predictive arrow condition than in the nonpredictive arrow condition.
Procedure
The stimuli and the procedure were illustrated in Figure 1 . Participants were instructed to keep their eyes fixated on the center of the screen. After a fixation cross appeared at the center of the screen for 1,200 ms, the cue stimulus appeared. Following a certain cue-target SOA, a target asterisk appeared at one of the two possible locations (left or right) until participants had responded or 1,200 ms had elapsed. The cue stimulus remained on the screen after the appearance of the target. Participants responded to the target by pressing the "SPACE" key with the index finger of their preferred hand as quickly and as accurately as possible. In the nonpredictive arrow condition, participants were informed that the central stimuli did not predict the location in which the target would appear and that they should try to ignore the central cues; in the predictive arrow condition, participants were asked to utilize the central arrow cue to promote their performance.
Results
Errors. The participants missed an approximate average of 0.2% in the nonpredictivecondition targets and 0.1% in the predictivecondition targets and made false-alarm errors in approximately 4.9% (in the nonpredictive condition) and 2.2% (in the predictive condition) of the catch trials. Anticipations (RTs of less than 100 ms) and outliers (RTs over 1,000 ms) were classified as errors and were excluded from further analysis. Also excluded were responses featuring RTs that exceeded AE2 SD of the participant's mean RT for each factor of the design. As a result, about 6.2% (in the nonpredictive condition) and 4.8% (in the predictive condition) of all the trials were removed as errors. A fourway ANOVA as that described in the design section was conducted on the percent errors. There was a main effect of predictive values, F(1, 46) = 5.235, p = .027, reflecting more errors in the nonpredictive cue condition than in the predictive cue condition. No other factors or interactions reached significance.
RTs. The average RTs under different conditions are shown in Table 1 . In order to meet the normality assumption, the four-way ANOVA was conducted on the logtransformed RTs. There was a main effect of current cue validity, F(1, 46) = 80.053, p < .001, indicating cueing effects (i.e., RTs in the cued trials were shorter than those in the uncued trials). The interaction between predictive values and current cue validity was also significant, F(1, 46) = 24.416, p < .001, indicating that the cueing effects were stronger in the predictive arrow condition (average 50 ms) than in the nonpredictive arrow condition (average 11.6 ms), representing a typical influence of voluntary control on the cueing effect. The main effect of SOA was significant, F(1, 46) = 41.604, p < .001, indicating a standard foreperiod effect that the RTs became shorter as the SOA was increased. Importantly, there was a significant interaction between previous cue validity and current cue validity, F(1, 46) = 12.033, p < .001, demonstrating that the cueing effects were stronger after the preceding cued trials than after the preceding uncued trials in both nonpredictive (average 14.3 vs. 9.2 ms) and predictive (average 55.3 vs. 40.4 ms) conditions, which is a typical sequence effect reported by previous studies. Finally, the main effect of cue predictive values was not significant, F(1, 46) = 0.133, p > .71; additionally, the cue predictive values × previous cue validity × current cue validity interaction was not significant, F(1, 46) = 1.740, p > .19, suggesting no apparent effect of cue predictive values on the sequence effect. No other factors or interactions reached significance. The ANOVA with the standard RT data (although the normality assumption was not satisfied) showed the same patterns of the statistical results.
Experiment 2
The findings from Experiment 1 show that manipulation of cue predictive values cannot modulate the magnitude of the sequence effect. Obviously, such results do not support the strategic adjustment account. However, more convincing proof is still needed to favor a feature-integration hypothesis. In Experiment 2, therefore, the physical attributes of the central cues were manipulated instead of varying the cue predictive values. Specifically, the visual form of the central cues is either symmetrical (letters "X" and "T") or asymmetrical (letters "d" and "b"). The association or integration of the spatial relationships between cues and targets should be easier for asymmetrical cues than for symmetrical cues. In other words, the spatial correspondence learning is immediate for asymmetrical cues; however, symmetrical central cues need to be translated semantically, and their integration processes will be slowed down. As mentioned in the introductory text, the featureintegration hypothesis predicts sequence effects that are stronger in the spatial correspondence condition (i.e., the asymmetrical cue condition) than in the spatial translation condition (i.e., the symmetrical cue condition); however, the strategic adjustment account predicts approximately the same effects for these two conditions. (74) 387 (65) 377 (66) 386 (62) 354 (61) 373 (56) 359 (65) 368 (59) 5.7% (3.1) 6.8% (4.3) 6.1% (4.5) 6.3% (3.3) 6.0% (3.4) 6.2% (3.7) 5.8% (2.9) 6.4% (3.4) Experiment 2 Symmetrical 369 (54) 392 (86) 373 (58) 398 (119) 351 (49) 377 (83) 356 (50) 371 (85) 4.7% (1.7) 5.2% (2.4) 4.9% (2.3) 6.0% (6.9) 5.0% (1.9) 6.1% (3.1) 5.4% (2.8) 6.2% (4.7) Asymmetrical 363 (67) 404 (76) 370 (71) 397 (82) 346 (54) 393 (65) 352 (59) 374 (58) 4.9% (1.7) 4.8% (1.9) 5.4% (2.9) 4.5% (5.5) 5.6% (1.8) 5.7% (3.2) 6.0% (3.2) 5.9% (5.9) Experiment 3 Predictive 352 (46) 360 (54) 352 (50) 354 (56) 328 (30) 350 (46) 335 (35) 337 (45) 5.1% (2.3) 5.5% (2.3) 6.5% (3.1) 5.9% (5.4) 5.7% (2.0) 6.8% (2.8) 5.9% (3.4) 9.7% (6.3) Nonpredictive 358 (52) 370 (48) 362 (45) 362 (47) 351 (44) 363 (53) 357 (51) 355 (52) 5.5% (1.8) 4.8% (2.9) 3.9% (1.3) 5.7% (2.5) 5.6% (2.8) 4.7% (2.5) 5.0% (2.2) 6.2% (3.1)
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Participants A total of 30 students (12 males and 18 females) aged 22-28 years, with a mean age of 25 years, agreed to participate in this experiment. All participants reported having normal or corrected-to-normal vision and were naive to the purpose of the experiment.
Apparatus and Stimuli
The apparatus and stimuli, with the exception of the central cues, were the same as those used in Experiment 1. For the symmetrical cue condition, the cue stimuli were the letters X or T subtending 1.8 (width) × 2 (height). For the asymmetrical cue condition, the cue stimuli were the letters d or b subtending 1.5 (width) × 2.4 (height).
Design and Procedure
The cue-target SOAs, at 300 and 600 ms, were the same as those used in Experiment 1. The cue direction and SOA duration in each trial were selected randomly and balanced in terms of probability for each block. However, the target location was predicted by the central cues in 75% of the trials. There were two sessions depending on the type of central cues: symmetrical (with T and X cues) and asymmetrical (with d and b cues). The order of the sessions was counter-balanced across the participants. For the symmetrical cue session, the targets usually appeared on the left if X (or T for half the participants) appeared and on the right if T (or X for half the participants) appeared. For the asymmetrical cue session, Sequence effects were tested in a four-way ANOVA with the within-participant factors of cue condition (symmetrical and asymmetrical), previous cue validity, current cue validity, and SOA on RTs. The sequence effects induced in the two cue conditions were compared to show the possible influence of the spatial correspondence between cues and targets.
The procedure was the same as that used in Experiment 1, except that participants were asked to utilize the central cue to promote their performance in both symmetrical and asymmetrical cue conditions.
Results
Errors. The participants missed an average of about 3.9% of the targets and made falsealarm errors on approximately 0.25% of the catch trials. The data preprocessing is the same as that in Experiment 1. In total, about 5.4% of all trials were removed as errors. A four-way ANOVA was conducted on the percent errors. There was a main effect of SOA, F(1, 29) = 6.261, p = .018, reflecting more errors in a 600-ms SOA condition than in a 300-ms SOA condition. This was probably because the participants' intention to follow the cue directions could have a stronger effect with a long SOA than with a short SOA. No other factors or interactions reached significance.
RTs. The average RTs under different conditions are shown in Table 1 . In order to meet the normality assumption, the four-way ANOVA was conducted on the logtransformed RTs. The main effect of current cue validity, F(1, 29) = 21.028, p < .001, was indicating cueing effects. The main effect of SOA was also significant, F(1, 29) = 18.360, p < .001, indicating that the RTs became shorter as the SOA was increased.
Considering that there were more errors in the 600-ms SOA condition than in the 300-ms SOA condition, it is possible that a tradeoff between accuracy and RT occurred. However, since no SOA-related interactions reached significance, it is unlikely that the observed influence of cue symmetry was originated from this tradeoff. Importantly, there was a significant previous cue validity × current cue validity interaction, F(1, 29) = 24.199, p < .001, along with a significant cue condition × current validity interaction, F(1, 29) = 6.721, p = .015, and a significant cue condition × previous validity × current validity interaction, F (1, 29) = 4.678, p = .039, demonstrating that sequence effects were induced and were stronger in the asymmetrical cue condition (average 23.7 ms; i.e., the difference between the cueing effects of pre-cued and pre-uncued trials) than in the symmetrical cue condition (average 3.8 ms). No other factors or interactions reached significance. Additional two-way ANOVAs with the within-participant factor of previous cue validity and current cue validity on the transformed RTs of each cue condition confirmed that the sequence effect was significant in the asymmetrical cue condition, F (1, 29) = 29.458, p < .001, but not in the symmetrical cue condition, F(1, 29) = 4.072, p > .05. ANOVAs with the standard RT data (although the normality assumption was not satisfied) showed the same patterns of the statistical results.
Experiment 3
The results of Experiment 2 show that compared with visually symmetrical letter cues, stronger sequence effects are induced by visually asymmetrical letter cues. This difference is probably the result of asymmetrical cues allowing spatial correspondence learning between the visual forms of the cues and the target locations. Although this learning process is not possible for symmetrical cues, this does not mean that any cues whose spatial information needs to be translated semantically cannot induce sequence effects. It is very possible that overlearned symbols, such as directional words, can also induce significant sequence effects for the facilitated translation of spatial meaning in daily life. Therefore, the Chinese characters "左" (which means "left") and "右" (which means "right") were used as the central cues in Experiment 3. Aside from instances in which all participants are from China, using Chinese characters has another advantage over the oftenused English words. That is, only small parts of the characters differentiate the two characters, which are totally symmetrical. Therefore, the potential influence from different physical characteristics of the two characters can be minimized. In addition, in order to further confirm the findings of Experiment 1, the cue predictive values were manipulated in this experiment.
Participants
A total of 30 students (13 males and 17 females) aged 20-28 years, with a mean age of 24.5 years, agreed to participate in this experiment. Fifteen of the students (5 males and 10 females) joined the nonpredictive cue condition, and the remaining students joined the predictive cue condition. All participants reported having normal or corrected-to-normal vision, and were naive to the purpose of the experiment.
Apparatus, Stimuli, Design, and Procedure The apparatus, stimuli, design, and procedure, with the exception of the central cues, were the same as those used in Experiment 1. The central cues were the Chinese characters 左 ("left") and 右 ("right"). Each character was 3 wide and 3 high.
Results
Errors. The participants missed an average of about 0.1% (in the nonpredictive condition) and 0.15% (in the predictive condition) of the targets and made false alarm errors on approximately 2.1% (in the nonpredictive condition) and 3.2% (in the predictive condition) of the catch trials. The data preprocessing is the same as that in Experiment 1. As a result, about 5.2% (in the nonpredictive condition) and 6.4% (in the predictive condition) of all trials were removed as errors. A four-way ANOVA was conducted on the percent errors. There were significant main effects of predictive values and previous cue validity, F(1, 28) = 7.749, p = .01 and F(1, 28) = 4.571, p = .041, respectively, along with a significant predictive values × previous cue validity interaction, F(1, 28) = 4.336, p = .047, reflecting more errors in pre-uncued trials than in pre-cued trials; however, this tendency was true only for the predictive cue condition. The predictive values × current cue validity × SOA interaction was also significant, F(1, 28) = 4.255, p = .049. No other factors or interactions reached significance.
RTs. The average RTs under different conditions are shown in Table 1 . In order to meet the normality assumption, the four-way ANOVA was conducted on the log-transformed RTs. There was a significant main effect of current cue validity, F(1, 28) = 6.021, p = .021, indicating cueing effects. The main effect of SOA was also significant, F(1, 28) = 12.377, p = .002. Importantly, there was a significant interaction between previous cue validity and current cue validity, F(1, 28) = 13.219, p = .001, demonstrating that the cueing effect was stronger after the preceding cued trials than after the preceding uncued trials in both nonpredictive (average 10.1 vs. −0.1 ms) and predictive (average 14.9 vs. 3.3 ms) conditions. Finally, the main effect of cue predictive values was not significant, F(1, 28) = 0.720, p > .40, and the cue predictive values × previous cue validity × current cue validity interaction was also not significant, F(1, 28) = 0.004, p > .95, suggesting no apparent effect of cue predictive values on the sequence effect. No other factors or interactions reached significance. The ANOVA with the standard RT data (although the normality assumption was not satisfied) showed the same patterns of the statistical results.
Discussion
The findings described in the present study have important implications for the widely reported trial-by-trial modulations of attention mechanisms in RT tasks. Indeed, the sequence effect in the cueing paradigm has been explained as either strategic adjustments of cue usability or implicit feature-integration between cues and targets. The current results show that different predictive values of the central cues, which should have led to different cue usability for the participants, do not induce significantly different sequence effects. This observation applies to both arrow and directional word cues in Experiments 1 and 3. In contrast, simply changing the visual forms of the letter cues in Experiment 2 significantly modulated the magnitude of the sequence effect. These results lead to two main conclusions. First, the sequential processing of cueing paradigm takes effect in an implicit way and does not depend on the explicit knowledge of the cue predictive values. Second, the efficiency of the implicit sequential processing relies on the low-level attributes of the central cues, such as the symmetry of its visual forms. This is probably because the spatial association between cue directions and target locations are easier when the central cues are visually asymmetrical (thus making spatial correspondence learning possible) compared with instances in which the cues are visually symmetrical. Therefore, the feature-integration hypothesis, rather than the strategic adjustments account, is more suitable to explain the observed sequence effect. In addition, although the current findings suggest that spatial correspondence learning between cues and targets is a critical factor in modulating the sequence effect, this does not mean that spatial correspondence is a prerequisite for the sequence effect. Indeed, the results of Experiment 3 show that overlearned directional word cues, which do not allow spatial correspondence learning, still induce significant sequence effects. Therefore, it seems that the degree of spatial correspondence between cues and targets decides the ease with which these two stimuli are integrated into an "event file" (which is critical for the sequential processing); however, an overlearned spatial relationship between the spatial meaning and the directional words can also generate or facilitate such integration, leading to significant sequence effects.
The present study's finding regarding the important role of spatial correspondence learning in sequential processing provides a new perspective from which to explain the results of previous studies about the sequence effect in the cueing tasks. Specifically, the results of previous cueing studies have been inconsistent in terms of the influence of cuetarget SOA on the sequence effect. In a peripheral cueing study, Mordkoff et al. (2008) found significant sequence effects even when the cue-target SOA was only 50 ms. In contrast, Qian et al. (2012a) did not observe the sequence effects induced by central arrows when the cue-target SOA of previous trials was relatively short (i.e., 100 ms). Similarly, Kunde (2003) reported the influence of previous SOA on the sequence effect in a prime-target task. In Kunde's study, participants were asked to determine the direction of a target arrow that was preceded by a prime arrow. The direction of the prime arrow could be congruent (thus facilitating participants' responses) or incongruent (thus slowing down participants' responses) with the target arrow, leading to a congruency effect in RTs. This congruency effect was found to be stronger after a preceding congruent trial than after a preceding incongruent trial (i.e., a typical sequence effect between consecutive trials). Importantly, this congruency sequence effect was found to be not significant when the showing time of the prime arrow in previous trials was relatively short (i.e., 14 ms). The significant influence of previous SOA on sequence effects may have led some researchers to question the validity of the feature-integration hypothesis (Qian et al., 2012a) . However, we can now explain this influence as the ease of spatial correspondence integration with different cue types. Specifically, for peripheral cues, sequence effects can be driven by the simple integration of spatial correspondences between the location of the cue and the location of the target, which is straightforward and can be processed rapidly. However, the association between the central asymmetrical cues (such as arrows or the asymmetrical letters d and b) and the target locations is not as straightforward as that between the peripheral cues. As a result, although the spatial correspondence learning between the spatial features of the cues and the targets is still available, the speed of this processing is slowed down for asymmetrical central cues, leading to an insignificant sequence effect in a relatively short SOA condition. As for the symmetrical central cues, spatial information of such cues needs to be translated first, and spatial correspondence learning is not available. This is probably why the letters X and T did not induce significant sequence effects in Experiment 2. Therefore, the degree of spatial correspondence between the visual features of the central cues and the target locations appears to be a critical factor that influences the magnitude of the sequential effect.
We should point out that although spatial correspondence learning has an important influence on the sequential processing of cueing tasks, it is not a prerequisite for achieving sequence effects. Indeed, significant sequence effects were found even under a spatial translation condition in Experiment 3. While both the symmetrical letter cues in Experiment 2 and the word cues in Experiment 3 cannot construct a spatial association between the visual features of the cues and the target locations, one critical difference between these two cues is the participants' experience in terms of the spatial meaning of the cues. Unlike the spatial translation from arbitrary letter cues to the left or right directions in Experiment 2, the spatial translation of directional words in Experiment 3 is repeated for decades during an adult's daily life. Such long-standing experience may have induced rapid and automatic translation of the spatial meaning of the directional words. Therefore, it is not surprising to find that overlearned directional words induced significant sequence effects in the present study.
The findings of sequential processes are not rare in visual-attention studies. One well-known sequential effect in visual search paradigms is called "priming" (Lamy & Kristjánsson, 2013) . At first glance, the sequence effect (or the socalled "priming effect") in searching tasks differs from that in cueing paradigms for the complexity of the repeated information between trials. Specifically, only simple features of the stimuli are processed in search tasks, but complex spatial correlation between cues and targets are involved in cueing tasks. However, there is evidence to show that the sequential mechanisms in these two tasks are similar in many aspects. First, both sequential processes in search and cueing tasks are found to take effect in an implicit way and to be independent of the voluntary control of the participants (Kristjánsson & Campana, 2010) . Second, except for simple features, more complex forms of priming are also found in search tasks, such as priming based on the visual context of the stimuli configurations and distractor identities as a whole (Chun, 2000; Fuggetta, Lanfranchi, & Campana, 2009; Huang, Holcombe, & Pashler, 2004) . Over all, though more investigations are still needed, the sequential processes may have employed the same implicit memory mechanisms in visual search and spatial cueing tasks.
In summary, the present study demonstrated that the sequence effects of symbolic cueing are modulated by the physical attributes of the cues rather than by the cue predictive values. The findings suggest that implicit spatial correspondence learning between cues and targets, rather than strategic voluntary control of the participants, is critical for the sequential processing. In addition, the results also show that spatial correspondence learning is not a prerequisite for the appearance of the sequence effect. Based on these findings, our results support the featureintegration hypothesis for sequential processing in the symbolic cueing paradigm.
